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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance power efficiency by setting a peak value and a peak half-breadth 
value of light transmittance of at least one translucent electrode of two electrodes between which at least 
one organic layer is interposed in a specified range. 

SOLUTION: Light transmittance of at least one translucent electrode of an anode and a cathode between 
which a luminescent layer and a hole transport layer or an electron transport layer are interposed has a 
peak value of an emission spectrum peak wavelength ±100 nm and a peak half breadth of 1-350 nm, and 
high light-transmittance in a visual light whole region is made unnecessary. The surface resistance of this 
electrode is limited to 15 Q/m2 or less, and this electrode is preferably formed in a multi-layer made of 
materials of at least two kinds or at least three kinds mainly comprising ITO, indium oxide, tin oxide, or 
indium oxide zinc oxide composite, and power efficiency is furthermore enhanced. Emission of the element 
in a pulse width of 10-9-10-3 second is preferable. Installation of a conductive polymer layer coming in 
contact with the anode is allowable, and the organic layer film can be made thick without increasing driving 
voltage. 
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CLAIMS 



[Claim(s)] 

[Claim 1] They are the organic electroluminescence devices to which it has at least one organic layer in 
inter-electrode [ two ], at least one of the two aforementioned electrodes has the peak value of the light 
transmittance of the electrode of the aforementioned light-transmission nature in the range of **100nm of 
peak wavelengths of an emission spectrum in the organic electroluminescence devices which are the 
electrodes of light-transmission nature, and the full width at half maximum of the aforementioned light 
transmittance is characterized by 1nm or more being 350nm or less. 

[Claim 2] They are the organic electroluminescence devices characterized by the surface electrical 
resistance of the electrode of the aforementioned light-transmission nature being below 15ohms / ** in 
organic electroluminescence devices according to claim 1. 

[Claim 3] They are the organic electroluminescence devices characterized by being the multilayered film 
which the electrode of the aforementioned light-transmission nature becomes from two or more sorts of 
material in organic electroluminescence devices according to claim 1 or 2. 

[Claim 4] They are the organic electroluminescence devices characterized by being the multilayered film 
which the electrode of the aforementioned light-transmission nature becomes from three or more sorts of 
material in organic electroluminescence devices according to claim 3. 

[Claim 5] The electrodes of the aforementioned light-transmission nature are organic electroluminescence 
devices to which it is characterized by principal components being either ITO, indium oxide, the tin oxide 
and an indium xpxide zinc-oxide alloy in organic electroluminescence devices according to claim 1 to 4. 
[Claim 6] Organic electroluminescence devices characterized by emitting light by the pulse width for 10-9 
- 10 to 3 seconds in organic electroluminescence devices according to claim 1 to 5. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the organic electroluminescence 

devices which show high power efficiency. 

[0002] 

[Description of the Prior Art] Since it can form as a field light emitting device comparatively easily using a 
vacuum deposition or the applying method, promising ** of the organic electroluminescence devices (an 
organic EL element is called hereafter) is carried out very much as an object for flat-panel displays. In 
recent years, the organic EL element is studied briskly and the organic EL element which has the 
outstanding performance which is equal to inorganic [ Light Emitting Diode ] has been developed. 
[0003] Since an organic EL element is a field light emitting device, usually, between two electrodes, to one 
side, resistance is low and what has a high light transmittance is used. Although the electrode which 
consists of ITO by which tin was doped by indium oxide, for example as such an electrode is known well 
(JP.1 1-67460.A), development of the organic EL element which shows the further excellent power 
efficiency is desired by using the electrode to which resistance penetrates light effectively low further 
rather than this, and this electrode. 
[0004] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the organic EL element 

which shows high power efficiency. 

[0005] 

[Means for Solving the Problem] In view of the above-mentioned purpose, wholeheartedly, this invention 
persons were the electrodes of light-transmission nature at least one of two electrodes as a result of 
research, and the peak value of the light transmittance is in the range of **100nm of peak wavelengths of 
an emission spectrum, and the full width at half maximum of the aforementioned light transmittance 
discovered that high power efficiency was shown, and hit on an idea of organic 1nm or more EL element 
which is 350nm or less to this invention. 

[0006] Moreover, the organic EL element of this invention shows the further excellent power efficiency by 
fulfilling the desirable conditions of (1) - (4) below. 

(1) As for the surface electrical resistance of the electrode of light-transmission nature, it is desirable that 
they are below 1 5ohms / **. 

(2) As for the electrode of light-transmission nature, it is desirable that it is the multilayered film which 
consists of two or more sorts of material, and it is more desirable that it is the multilayered film which 
consists of three or more sorts of material. 

(3) As for the electrode of light-transmission nature, it is desirable that principal components are either 
ITO, indium oxide, the tin oxide and an indium oxide zinc-oxide alloy. 

(4) As for an organic EL element, it is desirable to emit light by the pulse width for 10-9 - 10 to 3 seconds. 
[0007] 

[Embodiments of the Invention] Fundamentally, the organic EL element of this invention carries out the 
laminating of an anode plate, the hole transporting bed which it is arbitrary and is prepared, a luminous 
layer, the electronic transporting bed which it is arbitrary and is prepared, and the cathode on a substrate 



at order, constitutes, and has at least one organic layer in inter-electrode [ two ], and at least one side is 
light-transmission nature between two electrodes. Specifically, the composition which consists of an anode 
plate / a luminous layer / cathode, the composition which consists of an anode plate / hole transporting 
bed / a luminous layer / cathode, the composition which consists of an anode plate / luminous layer / an 
electronic transporting bed / cathode, the composition which consists of an anode plate / hole 
transporting bed / luminous layer / an electronic transporting bed / cathode are possible. Moreover, the 
composition which carried out the laminating of these conversely on the substrate is also possible. 
Furthermore, a luminous layer, a hole transporting bed, or a two or more layers electronic transporting bed 
may be prepared, or a hole pouring layer and an electron-injection layer may be prepared. 
[0008] Furthermore by this invention, you may install a conductive polymer layer in contact with an anode 
plate. By installing a conductive polymer layer, the film of an organic layer can be thickened without driver 
voltage almost going up, and brightness nonuniformity and short generating can be suppressed. 
[0009] The organic EL element which has minute optical-resonator structure (micro cavity) in addition to 
the above composition has the small haH^-value width of an emission spectrum, and is desirable at a point 
excellent in directivity. The organic EL element which has minute optical-resonator structure as indicated 
by the "organic EL display" (techno Times company) 105 page of for example, a "monthly display" October, 
1998 issue separate volume Using a transparent substrate as a substrate, on this, it comes to carry out 
the laminating of the back plate (cathode) which has the role of a dielectric mirror, a transparent electrode 
(anode plate), at least one-layer organic layer, and a metal mirror in order, and a minute optical resonator is 
formed between a dielectric mirror and a back plate. A dielectric mirror usually carries out the laminating of 
1/4 wave of Si02 and Ti02 by turns. Si02 spacer may be introduced between transparent electrodes (ITO 
etc.) and a dielectric mirror, and thickness may be adjusted to it. 

[0010] An organic layer can be formed using well-known methods, such as a vacuum deposition method, a 
spatter, a dipping method, the spin coating method, the casting method, the bar coat method, and the roll 
coat method. Moreover, a multilayer application is also possible by using a solvent properly. 
[0011] Although the organic EL element of this invention can also use a single pixel, it is preferably used 
according to the luminescent color as a two or more successive installation ******** dot array. Each 
luminescent color "in at least one line may be two or more lines. 10-500 micrometers of sizes of 1 pixel are 
50-300 micrometers preferably. 

[0012] Hereafter, each class of the organic EL element of this invention is explained in full detail. 
[1] In the organic EL element of an electrode this invention, at least one side is light-transmission nature 
between two electrodes. Although the electrode which can make light penetrate generally is called a 
"transparent electrode", since the light transmittance does not need to be high in the whole light field, the 
electrode which penetrates light in this invention calls such an electrode "EL transparency electrode" by 
this invention below. EL transparency electrode of this invention must have a high light transmittance 
about the wavelength region of the emission spectrum of an organic EL element. When peak-wavelength 
lambdaT of the light transmittance of EL transparency electrode specifically sets peak wavelength of the 
emission spectrum of an organic EL element to lambdaEL, it is desirable that it is in the range of 
lambdaEL**100nm, it is more desirable that it is in the range which is lambdaEL**50nm, and it is desirable 
that it is especially in the range which is lambdaEL**20nm. 

[0013] Moreover, EL transparency electrode of this invention does not need to have a high light 
transmittance in the whole light field. In order to obtain the organic EL element which shows the 
outstanding power efficiency, it is desirable that it is [ 1 nm or more ] 350nm or less, as for the full width at 
half maximum of the light transmittance of EL transparency electrode, it is more desirable that it is [ 1nm 
or more ] 300nm or less, and it is desirable that it is [ 1nm or more ] especially 150nm or less. 
[0014] The luminous efficiency of an organic EL element can be raised by stopping the surface electrical 
resistance of EL transparency electrode low. The surface electrical resistance of EL transparency 
electrode is below 0.1 ohms / ** most preferably below 1ohm / ** especially preferably below 5ohms / ** 
more preferably [ below 15ohms / ** ] preferably. In order to stop surface electrical resistance low, it is 
desirable to make EL transparency electrode into the multilayered-film structure which used two or more 



sorts of material, and it is more desirable to consider as the multilayered-film structure using three or 
more sorts of material. If it can use as an electrode, the aforementioned material is good anything and ITO, 
indium oxide, tin oxide, or its indium oxide zinc-oxide alloy is desirable. You may use metal thin films, such 
as gold, platinum, and silver magnesium. Organic materials, such as the poly aniline, the poly thiophene, 
polypyrrole, and those derivatives, are also usable. 

[001 5] When an anode plate is used as EL transparency electrode, it is desirable from a viewpoint of 
electron-injection nature to use alkaline earth metal, such as alkali metal, such as Li with a low work 
function and K, and Mg, calcium, for cathode. Moreover, it is also desirable to use stable aluminum etc. In 
order to reconcile stability and electron-injection nature, it may be made the layer containing two or more 
sorts of material, and those material is indicated by JP.2-1 5595,A, JP.5-121 1 72.A, etc. On the other hand, 
when cathode is used as EL transparency electrode, you may use a material good [ ITO, tin oxide, and / 
zinc-oxide ] and known for an anode plate. However, it is desirable to use what conductive material and to 
use material with the large work function of gold, platinum, etc. in this case, since an anode plate does not 
need to be light-transmission nature. 

[001 6] When an anode plate, cathode, etc. are inorganic layers, it can form by well-known methods, such as 
a vacuum deposition method, a spatter, and the ion plating method. Moreover, as for patterning of an 
electrode (especially EL transparency electrode), it is desirable that physical etching using the chemical 
etching by photo lithography etc., laser, etc. performs. Moreover, in piles, vacuum deposition, sputtering, etc. 
may be performed and patterning of the mask may be carried out. 

[001 7] [2] Even if the luminous layer used for the organic light emitting device of a luminous layer this 
invention is electronic transportability, it may be hole transportability. A luminous layer contains a kind of 
luminescent material at least. That luminescent material should just be what is excited and can emit 
fluorescence For example, an oxy-NOIDO compound, a perylene compound, a coumarin compound, an 
AZAKU marine compound, An oxazole compound, an OKISA diazole compound, a peri non compound, a 
pyrrolo pyrrole compound, A naphthalene compound, an anthracene compound, a fluorene compound, a 
fluoranthene compound, A tetracene compound, a pyrene compound, a coronene compound, a quinolone 
compound, and an AZAKINORON compound, A pyrazoline derivative and a pyrazolone derivative, a 
rhodamine compound, a chrysene compound, A phenanthrene compound, a cyclbpentadiene compound, a 
stilbene compound, A diphenyl quinone compound, a styryl compound, JISUCHIRIRU benzenoid, A 
butadiene compound, a dicyanomethylene pyran compound, a dicyanomethylene thiopyran compound, A 
fluorescein compound, a pyrylium compound, a thia pyrylium compound, A SERENA pyrylium compound, a 
TERURO pyrylium compound, an aromatic ARUDA diene compound. An oligo phenylene compound, a 
xanthene compound, and a thioxan ten compound, A cyanine compound, an acridine compound, an acridone 
compound, a quinoline compound. The metal complex of a metal complex [ of 8-hydroxyquinoline 
compound ], benzo quinolinol beryllium complex, 2, and 2 -bipyridine compound, the complex of a Schiff 
base and an III group metal, the metal complex of an OKISA diazole compound, a rare earth complex, etc. 
are usable. 

[0018] Even if it uses independently, you may use together two or more such luminescent material. 
Moreover, a molecular dispersion may be carried out into the macromolecule of carrier transportability, or 
the molecular dispersion of a low-molecular carrier transportation agent and the luminescent material may 
be carried out into a macromolecule without carrier transportability, and you may use it. here, as for a low- 
molecular carrier transportation agent, the macromolecule which says the low-molecular material of 
electronic transportability (electronic receptiveness) or hole transportability (electron-donative), and does 
not have carrier transportability needs a polymethylmethacrylate, poly methyl acrylate, polystyrene, a 
polycarbonate, etc. — an inactive macromolecule is said electrically 

[0019] It is also desirable to use macromolecule luminescent material for a luminous layer. As an example 
of macromolecule luminescent material, the macromolecule which introduced pi conjugated-system 
macromolecules, such as a Polly p-phenylenevinylene derivative, the poly fluorene derivative, and the poly 
thiophene derivative, low-molecular coloring matter, a tetrapod phenyl diamine, a triphenylamine, etc. into 
the principal chain or the side chain is mentioned. You may mix and use low-molecular luminescent material 



for macromolecule luminescent material. 

[0020] [3] In a substrate this invention, the plastic plate other than the usual glass substrate can be used 
as a transparent substrate. The plastics used as a substrate needs to excel in thermal resistance, 
dimensional stability, solvent resistance, electric insulation, processability, low permeability, and low 
hygroscopicity. As such plastics, a polyethylene terephthalate, a polybutylene terephthalate, 
polyethylenenaphthalate, polystyrene, a polycarbonate, polyether sulphone, a polyarylate, allyl-compound 
diethylene glycol carbonate, a polyimide, etc. are mentioned. 

[0021] It is desirable to install a moisture permeation prevention layer (gas barrier layer) in the field by the 
side of the electrode of a substrate, the field of an electrode and an opposite side, or its both. As a 
material which constitutes a moisture permeation prevention layer, inorganic substances, such as silicon 
nitride and silicon oxide, are desirable. A moisture permeation prevention layer can be formed by the RF- 
sputtering method etc. Moreover, you may prepare a hard-coat layer and a under-coat layer if needed. 
[0022] [4] As a hole transportability compound which forms a hole transporting-bed hole transporting bed 
A Polly N-vinylcarbazole derivative, a polyphenylene vinylene derivative, A polyphenylene, the poly 
thiophene, a poly methylphenyl silane, the poly aniline, A triazole derivative, an OKISA diazole derivative, an 
imidazole derivative, The poly aryl alkane derivative, a pyrazoline derivative, a pyrazolone derivative, A 
phenylenediamine derivative, an arylamine derivative, an amino substitution chalcone derivative, An oxazole 
derivative, a carbazole derivative, a styryl anthracene derivative, full — me — non — a derivative, a 
hydrazone derivative, a stilbene derivative, and porphyrin derivatives (phthalocyanine etc.) — The third 
class amine compound of aromatic series, a styryl amine compound, a butadiene compound, a benzidine 
derivative, a polystyrene derivative, a triphenylmethane-color derivative, a tetrapod phenyl benzine 
derivative, a starburst polyamine derivative, etc. are usable. 

[0023] [5] as the electronic transportability compound which forms an electronic transporting-bed 
electronic transporting bed — an OKISA diazole derivative, a triazole derivative, a triazine derivative, and 
nitration full — me — non — a derivative, a thiopyran dioxide derivative, a diphenyl quinone derivative, a 
perylene tetrapod carboxyl derivative, an anthra quinodimethan derivative, a deflection ORENIRIDEN 
methane derivative, an anthrone derivative, and a peri — non, a derivative, an oxine derivative, a quinoline 
complex derivative, etc. are mentioned Although cathode is prepared on an electronic transporting bed, you 
may also insert thin layers (about 0.01 -10nm), such as an aluminum oxide and lithium fluoride, among them. 
[0024] [6] As a conductive polymer which forms a conductive polymer layer conductive polymer layer, the 
poly aniline derivative, the poly thiophene derivative, and a polypyrrole derivative given in W098 / 05187 
grades are desirable. These may be used in the state where it mixed with proton acids (for example, a 
camphor sulfonic acid, p-toluenesulfonic acid, a styrene sulfonic acid, polystyrene sulfonate, etc.), and they 
may use it if needed, mixing them with other macromolecules (a polymethylmethacrylate (PMMA), Polly N- 
vinylcarbazole (PVCz), etc.). As for the surface electrical resistance of a conductive polymer layer, it is 
desirable that they are below 10000ohms / **, and thickness is 10nm - 1000nm preferably, and is 20nm - 
200nm more preferably. 

[0025] [7] In order to intercept other layer moisture and other air, you may form the protective layer of a 
publication in the front face (field of an organic layer and an opposite side) of cathode at JP,7-85974,A etc. 
Furthermore, closing using glass or the poly (chlorotrifluoroethylene) sheet is desirable. Into this, you may 
insert a drying agent, a water-repellent fluorine system inactive liquid, etc. 

[0026] Moreover, the closure layer for generally preventing the invasion of moisture or oxygen is prepared 
in an organic EL element. As a closure material which forms a closure layer, the copolymer of a 
tetrafluoroethylene and at least one sort of comonomers, The fluorine-containing copolymer which has a 
cyclic structure in a copolymerization principal chain, polyethylene, polypropylene, A 
polymethylmethacrylate, a polyimide, a polyurea, a polytetrafluoroethylene, A polychlorotrifluoroethylene 
resin, poly dichlorodifluoroethene, The copolymer of a chlorotrifluoroethylene and dichlorodifluoroethene, 
The absorptivity matter of 1% or more of water absorptions, and the dampproof intermixing-of-material 
object of 0.1% or less of water absorptions, A metal (In, Sn, Pb, Au, Cu, Ag, aluminum, Ti, nickel, etc.), a 
metallic oxide (it GeO(s) and NiO(s) MgO, SiO, Si02, and aluminum 203 — ) CaO, BaO, Fe 203, Y203, Ti02 



grade, and a metal fluoride (it LiF(s) MgF2 — ) The thing which made this liquefied fluoridation carbon, such 
as AIF3, CaF2 grade, and liquefied fluoridation carbon (a perfluoro alkane, a perfluoro amine, perfluoro ether, 
etc.), distribute the adsorbent which adsorbs moisture and oxygen is usable. 
[0027] 

[Example] organic EL-element **** of this invention — since the effect acquired fundamentally is the 
same even if which of an anode plate and cathode is light-transmission nature, the organic EL element 
which has the anode plate of light-transmission nature is hereafter explained in full detail according to an 
example 

[0028] The glass substrate of 150mm angle of examples of comparison was cleaned ultrasonically by the 
acetone, the semi coculine, and isopropyl alcohol (IP A), subsequently IPA boiling washing was carried out, 
and UV/03 washing was performed further. The glass substrate was moved to the spatter room, and the 
spatter of the ITO was carried out to the glass substrate by the thickness of 0.2 micrometers, and by 
photo lithography, patterning was carried out like drawing 1 and it considered as the anode plate. As a 
result of measuring the surface electrical resistance of this anode plate by 4 terminal method, they were 
20ohm/**. A solid line shows the result which measured the light transmittance of an anode plate to 
drawing 3 . 

[0029] To the obtained ITO substrate, they are N and an N'-screw (3-methylphenyl) as a hole transporting 
bed. - (1 and 1'-biphenyl) The vacuum evaporationo of -4 and the 4'-diamine (TPD) was carried out so 
that it might become the thickness of 400A by the 3-4A evaporation rate, and next, as a luminous layer, 
tris (8-quinolinolato) aluminum (Alq) was deposited so that it might become the thickness of 600A by the 
3~6 Furthermore, as a mask was used and it was shown on it at drawing 2 , the vacuum evaporationo of 
the cathode of an Mg/Ag alloy (mole-ratio Mg/Ag=10:1) was carried out so that it might become the 
thickness of 0.6 micrometers, on this cathode, the vacuum evaporationo of Ag was carried out by the 
thickness of 0.5 micrometers, and the organic EL element was formed. An one-point dashed line shows the 
result which measured the emission spectrum of this organic EL element to drawing 3 . 
[0030] The organic EL element was formed like the example 1 of comparison except carrying out the 
spatter of the example of comparison 2ITO by the thickness of 0.1 micrometers. The surface electrical 
resistance of an anode plate was 42.0ohm/**. The light transmittance (solid line) of this anode plate and 
the acquired emission spectrum (one-point dashed line) of an organic EL element are shown in drawing 4 . 
[0031] The organic EL element was formed like the example 1 of comparison except carrying out the 
vacuum evaporationo of the gold by the thickness of 4nm on example 1ITO, carrying out the spatter of the 
ITO by the thickness of 0.2 micrometers further on it, carrying out patterning like drawing 1 , and 
considering as an anode plate. The surface electrical resistance of this anode plate was 14.0ohm/**. The 
light transmittance (solid line) of an anode plate and the acquired emission spectrum (one-point dashed 
line) of an organic EL element are shown in drawing 5 . 

[0032] The organic EL element was formed like the example 1 of comparison except carrying out the 
vacuum evaporationo of the gold by the thickness of 8nm on example 2ITO, carrying out the spatter of the 
ITO by the thickness of 0.2 micrometers further on it, carrying out patterning like drawing 1 , and 
considering as an anode plate. The surface electrical resistance of an anode plate was 4.1 ohm/**. The light 
transmittance (solid line) of this anode plate and the acquired emission spectrum (one-point dashed line) of 
an organic EL element are shown in drawing 6 . . * 

[0033] The organic EL element was formed like the example 1 of comparison except carrying out the 
vacuum evaporationo of the gold by the thickness of 12nm on example 3ITO, carrying out the spatter of 
the ITO by the thickness of 0.2 micrometers further on it, carrying out patterning like drawing 1 , and 
considering as an anode plate. The surface electrical resistance of an anode plate was 0.12ohm/**. The 
light transmittance (solid line) of this anode plate and the acquired emission spectrum (one-point dashed 
line) of an organic EL element are shown in drawing 7 . 

[0034] The organic EL element was formed like the example 1 of comparison except the vacuum 
evaporationo of the gold being carried out by the thickness of 4nm on example 4ITO, carrying out the 
spatter of the ITO by the thickness of 0.1 micrometers, carrying out the vacuum evaporationo of the gold 



by the thickness of 4nm, carrying out the spatter of the ITO by the thickness of 0.1 micrometers further, 
carrying out patterning like drawing 1 , and considering as an anode plate. The surface electrical resistance 
of this anode plate was 4.8ohm/**. The light transmittance (solid line) of an anode plate and the acquired 
emission spectrum (one-point dashed line) of an organic EL element are shown in drawing 8 . 
[0035] The organic EL element was formed like the example 1 of comparison except the vacuum 
evaporationo of the gold being carried out by the thickness of 4nm on example 5ITO, carrying out the 
spatter of the ITO by the thickness of 0.1 micrometers, carrying out the vacuum evaporationo of the gold 
by the thickness of 8nm, carrying out the spatter of the ITO by the thickness of 0.1 micrometers further^ 
carrying out patterning like drawing 1 , and considering as an anode plate. The surface electrical resistance 
of this anode plate was 0.14ohm/**. The light transmittance (solid line) of an anode plate and the acquired 
emission spectrum (one-point dashed line) of an organic EL element are shown in drawing 9 . 
[0036] The organic EL element was formed like the example 1 of comparison except the vacuum 
evaporationo of the gold being carried out by the thickness of 4nm on example 6ITO, carrying out the 
spatter of the ITO by the thickness of 0.1 micrometers, carrying out the vacuum evaporationo of the 
platinum by the thickness of 8nm, carrying out the spatter of the ITO by the thickness of 0.1 micrometers 
further, carrying out patterning like drawing 1 , and considering as an anode plate. The surface electrical 
resistance of this anode plate was 0.11 ohm/**. The light transmittance (solid line) of an anode plate and 
the acquired emission spectrum (one-point dashed line) of an organic EL element are shown in drawing 10. 
[0037] In the measurement this invention of power efficiency, power efficiency was searched for as follows. 
The voltage first impressed to an organic EL element was changed, brightness and current were measured, 
and the calibration curve which shows those relations was created. In addition, brightness was measured 
using luminance-meter BM-5A (TOPCON CORP. make), and current was detected using the APD module 
C5460 (product made from Hamamatsu photograph NIKUSU). Next, using the function generator SG41 1 1 
(Iwasaki Electric make), voltage was impressed to the organic EL element by the square wave so that 
brightness might serve as about 1000 cd/m2 (10 to 9 seconds - voltage impression time 10 to 3 seconds 
of one pulse), and the amount of luminescence at that time was observed with the oscilloscope 
simultaneously with the current which detects and flows by the APD module C5460. Average input power 
was calculated from the current value within 1 pulse at that time, it asked for average luminance from the 
average current value detected within 1 pulse with the APD module C5460, and the aforementioned 
calibration curve, and power efficiency was searched for. 

[0038] The result which searched for the power efficiency of the organic EL element formed in the 
examples 1 and 2 of comparison and the examples 1-6 as mentioned above is combined with the surface 
electrical resistance of an anode plate, and is shown in Table 1. In addition, the voltage impression time of 
one pulse is expressed for 10ms, 100 microseconds, 1 microsecond, and 10ns among Table 1. 
[0039] 

table 1 [ ] surface electrical resistance Power efficiency (Im/W) 

(omega/**) 10ms 100 microseconds 1 microsecond 10ns The example 1 of comparison 20.0 1.81 1.62 1.43 
1.19 The example 2 of comparison 42.0 1.45 1.22 1.09 0.81 Example 1 14.0 1.91 1.74 1.62 1.49 Example 2 
4.1 2.11 1.96 1.83 1.67 Example 3 0.12 2.31 2.18 2.04 1.88 Example 4 4.8 2.05 1.89 1.72 1.53 Example 50.14 
2.28 2.14 1.97 1.76 Example 60.1 1 2.422.24 2.06 1.87 [0040] Table 1 shows that the organic EL element of 
examples 1-6 shows high power efficiency as compared with the organic EL element of the examples 1 and 
2 of comparison. This can be said for examples 1-6 to be the effects acquired since it was not necessary 
to raise a light transmittance over a full wave length region. Moreover, it turns out that the effect is 
remarkable especially under the conditions that voltage impression time is short. 
[0041] On the ITO substrate created like the example 1 of example of comparison 3 comparison, the 
vacuum evaporationo of the copper phthalocyanine was carried out so that it might become the thickness 
of 200A, the vacuum evaporationo of the TPD was carried out so that it might become the thickness of 
600A, the vacuum evaporationo of the 4 and 4'-screw (2 and 2-diphenyl vinyl) biphenyl (DPVBi) was 
carried out so that it might become the thickness of 400A, and further, Alq was deposited so that it might 
become the thickness of 200A As a mask was used on it and it was shown in drawing 2 , the vacuum 



• evaporationo of the cathode of an Mg/Ag alloy (mole-ratio Mg/Ag=10:1 ) was carried out so that it might 
become the thickness of 0.6 micrometers, on this cathode, the vacuum evaporationo of Ag was carried out 
by the thickness of 0.5 micrometers, and the organic EL element was formed. The light transmittance (solid 
line) of an anode plate and the emission spectrum (one-point dashed line) of an organic EL element are 
shown in drawing 1 1 . 

[0042] The organic EL element was formed like the example 3 of comparison except carrying out the 
vacuum evaporationo of the silver by the thickness of 8nm on example 7ITO, carrying out the spatter of 
the ITO by the thickness of 0.1 micrometers further on it, carrying out patterning like drawing 1 , and 
considering as an anode plate. The surface electrical resistance of this anode plate was O.IOohm/**. The 
light transmittance (solid line) of an anode plate and the acquired emission spectrum (one-point dashed 
line) of an organic EL element are shown in drawing 12. 

[0043] The organic EL element was formed like the example 3 of comparison except the vacuum 
evaporationo of the silver being carried out by the thickness of 4nm on example 8ITO, carrying out the 
spatter of the ITO by the thickness of 0.1 micrometers, carrying out the vacuum evaporationo of the silver 
by the thickness of 4nm, carrying out the spatter of the ITO by the thickness of 0.1 micrometers further, 
carrying out patterning like drawing 1 , and considering as an anode plate. The surface electrical resistance 
of this anode plate was 0.13ohm/**. The light transmittance (solid line) of an anode plate and the acquired 
emission spectrum (one-point dashed line) of an organic EL element are shown in drawing 13. 
[0044] The organic EL element was formed like the example 3 of comparison except the vacuum 
evaporationo of the platinum being carried out by the thickness of 4nm on example 9ITO, carrying out the 
spatter of the ITO by the thickness of 0.1 micrometers, carrying out the vacuum evaporationo of the silver 
by the thickness of 4nm, carrying out the spatter of the ITO by the thickness of 0.1 micrometers further, 
carrying out patterning like drawing 1 , and considering as an anode plate. The surface electrical resistance 
of this anode plate was 0.15ohm/**. The light transmittance (solid line) of an anode plate and the acquired 
emission spectrum (one-point dashed line) of an organic EL element are shown in drawing 14. 
[0045] The result which searched for the power efficiency of the organic EL element formed in the example 
3 of comparison and the examples 7-9 as mentioned above is combined with the surface electrical 
resistance of an anode plate, and is shown in Table 2. In addition, the voltage impression time of one pulse 
is expressed for 10ms, 100 microseconds, 1 microsecond, and 10ns among Table 2. 
[0046] 

table 2 [ ] surface electrical resistance Power efficiency (Im/W) 

(omega/**) 10ms 100 microseconds 1 microsecond 10ns The example 3 of comparison 20.0 1.32 1.11 0.90 
0.73 Example 7 0.10 1.44 1.25 1.14 1.04 Example 8 0.13 1.52 1.36 1.24 1.11 Example 9 0.15 1.55 1.38 1.26 
1.14 [0047] Table 2 shows that the organic EL element of examples 7-9 shows high power efficiency as 
compared with the organic EL element of the example 3 of comparison. This can be said for examples 7-9 
to be the effects acquired since it was not necessary to raise a light transmittance over a full wave length 
region. Moreover, it turns out that the effect is remarkable especially under the conditions that voltage 
impression time is short. 
[0048] 

[Effect of the Invention] As explained in full detail above, the organic EL element of this invention has the 
electrode of the low light-transmission nature of surface electrical resistance, and shows high power 
efficiency. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the example of a pattern of an anode plate of the organic 
EL element of this invention. 

[Drawing 2] It is the schematic diagram showing the example of a pattern of the anode plate and cathode 
of the organic EL element of this invention. 

[Drawing 3] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of the example 1 of comparison, and the light transmittance (solid line) of an anode plate. 
[Drawing 4] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of the example 2 of comparison, and the light transmittance (solid line) of an anode plate. 
[Drawing 5] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 1 , and the light transmittance (solid line) of an anode plate. 

[Drawing 6] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 2, and the light transmittance (solid line) of an anode plate. 

[Drawing 7] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 3, and the light transmittance (solid line) of an anode plate. 

[Drawing 8] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 4, and the light transmittance (solid line) of an anode plate. 

[Drawing 9] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 5, and the light transmittance (solid line) of an anode plate. 

[Drawing 10] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 6, and the light transmittance (solid line) of an anode plate. 

[Drawing 11] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of the example 3 of comparison, and the light transmittance (solid line) of an anode plate. 
[Drawing 12] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 7, and the light transmittance (solid line) of an anode plate. 

[Drawing 13] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 8, and the light transmittance (solid line) of an anode plate. 

[Drawing 14] It is the graph which shows the emission spectrum (one-point dashed line) of the organic EL 
element of an example 9, and the light transmittance (solid line) of an anode plate. 
[Description of Notations] 

1 ... Substrate 

2 ... Anode plate 

3 ... Cathode 



[Translation done.] 



